
WHARF MINE

LEAD, SOUTH DAKOTA

SINGLE CELL SELENIUM LEACHING MODEL

Area - West Portland Pit Barren Rock

INPUT BLOCK

INFILTRATION Total Drainage Area: 21.8 ac

Unreclaimed Infiltration Rate: 9 in/yr

Reclaimed Infiltration Rate: 4.5 in/yr

LEACHABLE SELENIUM Average Se Concentration: 0.159 mg/kg

Leachable Se: 0.070 %

Leachable Se Concentration: 0.01113 mg/kg

TIME Start Time yrs 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time Step yrs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

End Time yrs 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

Calendar Year year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

TIME DEPENDENT DATA Infiltration  Rate in/yr 9 9 9 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

Barren Rock Backfill Added tons 2,156,000 3,710,000 0 0 0 0 0 0 0 0 0 0 0 0

Spent Ore Backfill Added tons 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cumulative Backfill tons 2,156,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000

CALCULATION BLOCK

DATA BLOCK FORMULA UNITS 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

INFILTRATION Inflow from Infiltration A drainage area x infiltration rate ft
3

712,206 712,206 712,206 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103

WATER:ROCK RATIO Backfill B tons 2,156,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000

Water C A x conversion factor L 20,167,428 20,167,428 20,167,428 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714

Rock D B x conversion factor kg 1,955,890,299 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685

Annual Water:Rock Ratio E C / D L/kg 0.010311 0.003790 0.003790 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895

Cumulative Water:Rock Ratio F E + previous year F L/kg 0.010311 0.014101 0.017891 0.019786 0.021680 0.023575 0.025470 0.027365 0.029260 0.031155 0.033050 0.034945 0.036840 0.038734

LEACHED CHEMICALS Cumulative Leached Chemical G 1.45 x F
0.222

% 0.5253560 0.5631609 0.5937216 0.6071403 0.6195935 0.6312267 0.6421536 0.6524654 0.6622357 0.6715254 0.6803855 0.6888588 0.6969818 0.7047860

Cumulative Leached Chemical H G x leachable chemical concentration mg/kg 5.84721E-03 6.26798E-03 6.60812E-03 6.75747E-03 6.89608E-03 7.02555E-03 7.14717E-03 7.26194E-03 7.37068E-03 7.47408E-03 7.57269E-03 7.66700E-03 7.75741E-03 7.84427E-03

Annual Leached Chemical I H - previous year H mg/kg 5.84721E-03 4.20769E-04 3.40140E-04 1.49350E-04 1.38604E-04 1.29477E-04 1.21617E-04 1.14769E-04 1.08744E-04 1.03395E-04 9.86127E-05 9.43074E-05 9.04090E-05 8.68604E-05

Annual Leached Chemical J I x D mg 11,436,506 2,239,140 1,810,070 794,773 737,590 689,019 647,192 610,750 578,684 550,223 524,772 501,861 481,116 462,231

OUTFLOW Water Out K C L 20,167,428 20,167,428 20,167,428 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714

Water Outflow Rate L K x conversion factor gpm 10.14 10.14 10.14 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07

Average Chemical Concentration M J / K mg/L 0.567078062 0.111027554 0.089752169 0.078817471 0.073146611 0.068329893 0.064181895 0.060567994 0.05738795 0.0545655 0.052041533 0.049769482 0.047712142 0.045839401

VARIABLE



14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103

5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000

10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714

5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685

0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895

0.040629 0.042524 0.044419 0.046314 0.048209 0.050104 0.051999 0.053893 0.055788 0.057683 0.059578 0.061473 0.063368 0.065263 0.067158 0.069053 0.070947 0.072842 0.074737 0.076632 0.078527 0.080422 0.082317

0.7122985 0.7195432 0.7265410 0.7333102 0.7398673 0.7462268 0.7524019 0.7584043 0.7642447 0.7699327 0.7754772 0.7808861 0.7861669 0.7913261 0.7963702 0.8013046 0.8061349 0.8108657 0.8155018 0.8200473 0.8245062 0.8288822 0.8331786

7.92788E-03 8.00852E-03 8.08640E-03 8.16174E-03 8.23472E-03 8.30550E-03 8.37423E-03 8.44104E-03 8.50604E-03 8.56935E-03 8.63106E-03 8.69126E-03 8.75004E-03 8.80746E-03 8.86360E-03 8.91852E-03 8.97228E-03 9.02494E-03 9.07654E-03 9.12713E-03 9.17675E-03 9.22546E-03 9.27328E-03

8.36148E-05 8.06338E-05 7.78851E-05 7.53415E-05 7.29802E-05 7.07815E-05 6.87285E-05 6.68068E-05 6.50036E-05 6.33079E-05 6.17100E-05 6.02014E-05 5.87746E-05 5.74227E-05 5.61399E-05 5.49207E-05 5.37604E-05 5.26547E-05 5.15996E-05 5.05916E-05 4.96275E-05 4.87044E-05 4.78196E-05

444,960 429,097 414,469 400,933 388,367 376,667 365,742 355,515 345,919 336,896 328,393 320,365 312,772 305,578 298,751 292,263 286,089 280,204 274,590 269,225 264,095 259,183 254,474

10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714

5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07

0.044126617 0.042553419 0.041102807 0.039760482 0.038514321 0.037353974 0.036270552 0.035256372 0.03430476 0.033409885 0.032566634 0.031770499 0.031017492 0.030304069 0.029627074 0.02898368 0.028371353 0.027787811 0.027230993 0.026699036 0.026190247 0.025703088 0.025236155



37.00 38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00

2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000

2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103 356,103

5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000 5,866,000

10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714

5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685 5,321,545,685

0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895 0.001895

0.084212 0.086107 0.088001 0.089896 0.091791 0.093686 0.095581 0.097476 0.099371 0.101266 0.103160 0.105055 0.106950 0.108845 0.110740 0.112635 0.114530 0.116425 0.118320 0.120214 0.122109

0.8373988 0.8415458 0.8456223 0.8496311 0.8535747 0.8574555 0.8612757 0.8650374 0.8687426 0.8723932 0.8759911 0.8795380 0.8830354 0.8864849 0.8898880 0.8932462 0.8965606 0.8998326 0.9030635 0.9062544 0.9094064

9.32025E-03 9.36640E-03 9.41178E-03 9.45639E-03 9.50029E-03 9.54348E-03 9.58600E-03 9.62787E-03 9.66911E-03 9.70974E-03 9.74978E-03 9.78926E-03 9.82818E-03 9.86658E-03 9.90445E-03 9.94183E-03 9.97872E-03 1.00151E-02 1.00511E-02 1.00866E-02 1.01217E-02

4.69707E-05 4.61555E-05 4.53719E-05 4.46181E-05 4.38923E-05 4.31929E-05 4.25185E-05 4.18677E-05 4.12392E-05 4.06318E-05 4.00445E-05 3.94763E-05 3.89262E-05 3.83933E-05 3.78767E-05 3.73758E-05 3.68898E-05 3.64179E-05 3.59597E-05 3.55144E-05 3.50815E-05

249,957 245,619 241,449 237,437 233,575 229,853 226,264 222,801 219,456 216,224 213,099 210,075 207,147 204,311 201,563 198,897 196,311 193,800 191,361 188,991 186,688

10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714 10,083,714

5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07

0.024788167 0.024357948 0.023944422 0.023546598 0.023163564 0.022794479 0.022438565 0.022095101 0.021763422 0.021442905 0.021132977 0.020833099 0.020542773 0.02026153 0.019988935 0.019724579 0.019468079 0.019219078 0.018977237 0.01874224 0.01851379


